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CLAIMS 



[Claim(s)] 

[Claim 1]With a compound expressed with MAI 2 <D 4 , M, A compound which consists of at least 
one or more metallic elements chosen from a group which consists of calcium, strontium, and 
barium is used as a mother crystal, More than 0.001 % adds a europium 10% or less by mol % to a 
metallic element expressed with M as an activator to this. Phosphorescent materials more than 
0.001 % adding at least one or more elements of a group which consists of manganese, tin, and 
bismuth as a coactivator 10% or less by mol % to a metallic element expressed with M. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention is excellent in lightfastness available as an object for a 
display out of phosphorescent materials, especially indoor in mainly the night, and it relates to 
the new phosphorescent materials which have a very prolonged persistence characteristic 
[0002] 

[Description of the Prior Art]Generally, the afterglow time of a fluorescent substance is very 
short, if an outer stimulus is suspended, will decrease the luminescence promptly, but. Even after 
stimulating by ultraviolet rays etc. rarely and stopping the stimulus, there are some to which an 
afterglow is accepted over a remarkable long time (several 10 minutes - several hours) with the 
naked eye, and these are called phosphorescent materials or a phosphor in distinction from the 
usual fluorescent substance. 

[0003]As these phosphorescent materials, although sulfide fluorescent substances, such as 
CaS:Bi (purple/blue color luminescence), CaSrS:Bi (blue light), ZnS:Cu (green emission), and 
ZnCdS:Cu (yellow - orange light emitting), are known, There are many problems in respect of [ - 

- any of these sulfide fluorescent substances are chemically unstable, or inferior to lightfastness 

— ] practical use. In order to carry out the photolysis also of the zinc sulfide system 
phosphorescent materials (ZnS:Cu) used chiefly in the present commercial scene by ultraviolet 
rays, to discolor them in black, if especially humidity exists, or to carry out brightness lowering, 
Use for a use which is directly put outdoors to daylight is difficult, and the uses, such as a watch 
with a luminous dial and an escape guide sign and indoor night display, were limited. 

[0004] Even if it is a case where this zinc sulfide system fluorescent substance is used for a 
watch with a luminous dial, from about 30 minutes, the afterglow time which can recognize that 
time with the naked eye is about 2 hours, and practical, The actual condition was using the 
luminous paint of self-luminescence which adds a radioactive material to a fluorescent 
substance, stimulates with the energy, and always emits light 
[0005] 

[Problem(s) to be Solved by the Invention]Then, in view of the actual condition like the above- 
mentioned, this invention person has a prolonged persistence characteristic far compared with a 
commercial sulfide system fluorescent substance, is chemically stable, and used to aim at offer 
of the phosphorescent materials which are excellent in lightfastness over a long period of time 
[0006] 

[Means for Solving the Problem]Its attention is paid to an aluminate of alkaline-earth metals 
which carried out activation of the europium etc. as a completely different new phosphorescent- 
materials material from a sulfide system fluorescent substance known from the former, As a 
result of conducting various experiments, this phosphorescent-materials material has a 
prolonged persistence characteristic far compared with a commercial sulfide system fluorescent 
substance, Even if it is chemically stable from being oxide stock, and it can check excelling in 
lightfastness, the conventional problem can be solved entirely and it does not contain 
radioactivity, as luminous paint in which visual recognition during 1 evening is possible, or paints, 
It becomes clear that it becomes possible to provide phosphorescent materials of Jong afterglow 
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applicable to various uses. 

[0007]As phosphorescent materials which were mentioned above, the thing according to claim 1, 
With a compound expressed with MAI 2 0 4 . M f A compound which consists of at least one or more 
metallic elements chosen from a group which consists of calcium, strontium, and barium is used 
as a mother crystal, More than 0.001 % adds a europium 10% or less by mol X to a metallic 
element expressed with M as an activator to this, More than 0.001 % added at least one or more 
elements of a group which consists of manganese, tin, and bismuth as a coactivator 10% or less 
by mol % to a metallic element expressed with M. 

[0008]Composition of these phosphorescent materials is faced and it is boric acid as flux. It can 
add in 1 to 10% of the weight of the range. The flux effect is lost here as an addition is 1 or less 
% of the weight, if 10 % of the weight is exceeded, it will solidify, and subsequent grinding and 
classification operation become difficult. 
[0009] 

[Example]Hereafter. the example of this invention expressed with MAI 2 0 4 is described one by 
one about the case where various kinds and concentration of the concentration of the kind of 
metallic element (M) and the europium as an activator or a coactivator are changed. Although 
strontium is first used as a metallic element (M) and a europium is used as an activator, the 
phosphorescent materials when not using a coactivator are explained as Example 1. 
To strontium-carbonate 146.1 g (0.99 mol) and alumina 102 g (1 mol) of composition and the 
characteristic sample 1-(1) special grade chemical of an example 1.SrAI 2 0 4 :Eu fluorescent 
substance, as an activator. It is europium oxide (Eu 2 0 3 ) about a europium. 1.76g (0.005 mol) 
addition is carried out. It is boric acid as flux. After carrying out 5g (0.08 mol) addition and fully 
mixing using a bail mill, 1300 ** of this sample was calcinated for 1 hour using the electric 
furnace in the nitrogen-hydrogen mixed gas (97:3) air current (flow: 0.1 liter per minute). It is 
what classified with the sieve the compound granular material obtained by cooling over about 1 
hour to the room temperature after that, and passed 100 meshes Fluorescent substance sample 
1-(D It carried out. 

[0010]The result of having analyzed the crystal structure of the compounded fluorescent 
substance by XRD (X diffraction) was shown in drawing 1 . That the fluorescent substance 
obtained from the characteristic of the diffraction peak has the Spinel structure of SrAI 2 0 4 
became whether to be **. The excitation spectrum of this fluorescent substance and the 
emission spectrum of the afterglow after a stimulus stop were shown in drawing 2 . 
[001 1]It became clear from a figure that it is green luminescence whose peak wavelength of an 
emission spectrum is about 520 nm. Next, the result of having measured the persistence 
characteristic of this SrAI 2 0 4 :Eu fluorescent substance with the commercial item as compared 
with the persistence characteristic of the ZnS:Cu phosphorescent materials (Nemoto [& Co., 
Ltd. ] make: name-of^article QSS, emission-peak-wavelength:530nm) which emit light green was 
shown in drawing 3 and Table 2. 

[001 2] Measurement of a persistence characteristic the phosphor powder 0.05g to the planchet 
made from aluminum 8 mm in inside diameter **** picking (sample thickness: 0.1 g/cm2), It is 
200 by D 85 standard light source after keeping it to an in the dark one for about 15 hours and 
eliminating an afterglow. It stimulates for 10 minutes with the luminosity of looks, and a 
subsequent afterglow is measured with the measurement-of-luminance device using a photo- 
multiplier. The attenuation of the afterglow of the SrAI 2 0 4 :Eu fluorescent substance by this 
invention is also very greatly loose, and it turns out that afterglow intensity difference with 
ZnS:Cu phosphorescent materials becomes large with lapsed time so that clearly from drawing 3 . 
It is presumed [ that that luminescence can be recognized also in / of the persistence 
characteristic of this SrAI 2 0 4 :Eu fluorescent substance / about 24 hours, and ] although the 
dashed line showed the level (equivalent to the luminosity of about 0.3 mCd/m2) of the 
luminescence intensity which can enough be recognized with the naked eye in a figure. When this 
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SrAI 2 0 4 :Eu fluorescent substance that actually passed after the stimulus for 15 hours was 
observed with the naked eye, that afterglow was fully able to be checked. 
[0013]sample 1- in Table 2 — (1) **** — the relative value over the intensity of ZnS:Cu 
phosphorescent materials showed the afterglow intensity of 10 minutes after a stimulus stop 30 
minutes, and 100 minutes after. The afterglow brightness of the SrAI 2 0 4 :Eu fluorescent 
substance by this invention from this table is 2.9 of ZnS:Cu phosphorescent materials in 10 
minutes. It is twice and it turns out in 100 minutes that they are 17 times. The result of having 
investigated the thermoluminescence characteristic (glow curve) from the room temperature at 
the time of furthermore carrying out the luminous stimulus of the SrAI 2 0 4 :Eu fluorescent 
substance by this invention to 250 ** using the TLD leader (KYOKKO TLD-2000 system) was 
shown in drawing 4 . The thermoluminescence of a figure to this fluorescent substance consists 
of three glow peaks, about 40 **. 90 **. and 130 **. and it turns out that about 130 ** peak is a 
main glow peak. It compares with the main glow peak of the ZnS.Cu phosphorescent materials 
shown with the dashed line in a figure being about 40 **. The deep trapping level equivalent to 
the not less than 50 ** elevated temperature of the SrAI 2 0 4 :Eu fluorescent substance by this 
invention enlarges the damping time constant of an afterglow, and is considered to have 
contributed to the light storage characteristic covering a long time. 

[0014]sample 1- (2) - (7) — Table 1 to which the concentration of the europium was changed by 
the method as the above-mentioned that next it is the same — a table — the bottom adjusted 
the SrAI 2 0 4 :Eu fluorescent substance sample (sample 1-(2) - (7)) of the compounding ratio 
[0015] 
[Table 1] 
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[0016]This sample 1-(2) - (7) It is the result of having investigated the persistence 
characteristic 1-(1) With the result of having investigated the persistence characteristic it was 
shown all over Table 2. This table 2 shows excelling ZnS:Cu phosphorescent materials in the 
persistence characteristic including the luminosity of 10 minutes after as it is a range whose 
addition of Eu is 0.0025-0.05 mol. When the addition of Eu is merely 0.00001 mol, or even if it is a 
case where it is 0.1 mol. when 30 minutes or more pass after a stimulus stop also shows coming 
to have larger luminosity than ZnS:Cu phosphorescent materials. 

[0017]Since Eu is expensive, when the fall of economical efficiency and the persistence 
characteristic by concentration quenching is taken into consideration, there will be no meaning in 
carrying out Eu more than 0.1 mol (10-mol %) not much. On the contrary. Eu. judging from a 
persistence characteristic among 0.00001 (0.001 -mol %) to 0.00005 mol (0.005-mol %). Since 
larger luminosity than ZnS.Cu phosphorescent materials is obtained when 30 minutes or more 
pass after a stimulus stop although it is inferior to ZnS:Cu phosphorescent materials by 
luminosity with the luminosity after 10 minutes, the addition effect of Eu used as an activator is 
clear. 

[0018]From it being oxide stock, the SrAI 2 0 4 :Eu fluorescent substance is chemically stable 
compared with the conventional sulfide system phosphorescent materials, and excellent in 
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[0020]Next, the phosphorescent materials at the time of using dysprosium as a coactivator are 
explained as Example 2, using a europium as an activator, using strontium as a metallic element 
(M). 

Example 2.SrAI 2 0 4 :Eu, As an activator a europium by europium oxide (Eu 2 0 3 ) to strontium- 
carbonate 144.6 g (0.98 mol) and alumina 102 g (1 mol) of composition and the characteristic 
sample 2-(1) special grade chemical of Dy fluorescent substance 1.76 g (0.005 mol), 1.87g (0.005 
mol) addition of the dysprosium is carried out with oxidation dysprosium (Dy 2 0 3 ) as a 
coactivator. After doing 5 g (0.08 mol) addition of boric acid as flux and fully mixing using a ball 
mill, 1300 ** of this sample was calcinated for 1 hour using the electric furnace in the nitrogen- 
hydrogen mixed gas (97:3) air current (flow: 0.1-1. per minute). It is what classified with the sieve 
the compound granular material obtained by cooling over about 1 hour to the room temperature 
after that, and passed 100 meshes Fluorescent substance sample 2-(1) It carried out. 
[0021JIt is the result of having investigated the persistence characteristic of this fluorescent 
substance by the same method as the above-mentioned Sample 2-(1) of drawing 5 and Table 4 
It was shown. SrAI 2 0 4 :Eu according to this invention so that clearly from drawing 5 . the 
afterglow brightness of Dy fluorescent substance, The fact that the luminosity at the time of the 
early stages of an afterglow is very high as compared with ZnS:Cu phosphorescent materials, and 
the damping time constant of the attenuation is also large shows especially that they are epoch- 
making high-intensity phosphorescent materials. It is identifiable in that luminescence also in [ of 
the afterglow intensity level which was shown in the figure and which can be recognized visually 
and the persistence characteristic of this SrAI 2 0 4 :Eu and Dy fluorescent substance ] about 16 ' 
hours. 

[0022]Although the afterglow intensity of after-stimulus 10 minutes. 30 minutes, and 100 
minutes after is shown in Table 4 with the relative value over the intensity of ZnS:Cu 
phosphorescent materials. The afterglow brightness of SrAI 2 0 4 :Eu by this invention from a table 
and Dy fluorescent substance is 12.5 times the ZnS:Cu phosphorescent materials after 10 
minutes, and it turns out in 100 minutes that they are 37 times. The result of having investigated 
the thermoluminescence characteristic (glow curve) from the room temperature at the time of 
furthermore carrying out the luminous stimulus of SrAI 2 0 4 :Eu by this invention and the Dy 
fluorescent substance to 250 ** was shown in drawin g 6. Drawing 6 and drawing 4 show that the 
main glow peak temperature of thermoluminescence changed with operations of Dy added as a 
coactivator to 90 ** from 130 **. Big luminescence from the trapping level equivalent to this 
temperature of 90 ** is considered to be the cause which shows luminosity high at the time of 
those early stages of an afterglow as compared with a SrAI 2 0 4 :Eu fluorescent substance. 
[0023]sample 2- (2) - (7) — Table 3 to which the concentration of dysprosium was changed by 
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the method.as the above-mentioned that next it is the same — a table — the bottom adjusted 
SrAI 2 0 4 ;Eu of a compounding ratio, and Dy fluorescent substance sample (sample 2-(2) - (7)). 
[0024] 
[Table 3] 
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[0025]This sample 2~(2) - (7) It is the result of having investigated the persistence 
characteristic 2-(1) With the result of having investigated the persistence characteristic, it was 
shown in Table 4. From this table 4, when the addition of Dy as a coactivator is based on 
excelling including the luminosity after 10 minutes farther than ZnS:Cu phosphorescent materials, 
it is understood that 0.0025-0.05 mol is the optimal. Since it comes to have larger luminosity 
than ZnS:Cu phosphorescent materials when 30 minutes or more pass after a stimulus stop even 
if it is a case where the addition of Dy is merely 0.00001 mol, the addition effect of Eu and Dy 
which were used as an activator and a coactivator is clear. Since Dy is expensive, when the fall 
of economical efficiency and the persistence characteristic by concentration quenching is taken 
into consideration, there will be no meaning in carrying out Dy more than 0.1 mol (10-mol %) not 
much. 

[0026]From it being oxide stock, SrAI 2 0 4 :Eu and Dy fluorescent substance are chemically stable 

compared with the conventional sulfide system phosphorescent materials, and excellent in 
lightfastness (Table 24 and 25 references). 
[0027] 
[Table 4] 
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[0028]Next, the phosphorescent materials at the time of using neodium as a coactivator are 
explained as Example 3, using a europium as an activator, using strontium as a metallic element 
(M). 

Composition and characteristic sample 3-(1) of example 3.SrAI 2 0 4 :Eu and Nd fluorescent 
substance By the same method as - (7) above-mentioned. SrAI 2 0 4 :Eu of the compounding ratio 
shown in Table 5 to which the concentration of neodium was changed, and Nd system 
fluorescent substance sample (sample 3-(1) - (7)) were adjusted 
[0029] 
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[Table 5] « 
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[0030]These sample 3-(1) The result of having investigated the persistence characteristic of - 
(7) was shown in Table 6. 
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[0032]This table 6 shows excelling ZnS:Cu phosphorescent materials in the persistence 
characteristic including the luminosity of 10 minutes after as it is a range whose addition of Nd 
as a coactivator is 0.0025-0.10 mol. Since it comes to have larger luminosity than ZnS:Cu 
phosphorescent materials when about 60 minutes pass after a stimulus stop even if it is a case 
where the addition of Nd is merely 0.00001 mol, the addition effect of Eu and Nd which were 
used as an activator and a coactivator is clear. Since Nd is expensive, when the fall of 
economical efficiency and the persistence characteristic by concentration quenching is taken 
into consideration, there will be no meaning in carrying out Nd more than 0.1 mol (10-mol %) not 
much. 

[0033]From it being oxide stock, SrAI 2 0 4 :Eu and Nd fluorescent substance are chemically stable 
compared with the conventional sulfide system phosphorescent materials, and excellent in 
lightfastness (Table 24 and 25 references), the thermoluminescence characteristic (glow curve) 
from the room temperature at the time of furthermore carrying out the luminous stimulus of 
SrAI 2 0 4 :Eu by this invention, and the Nd fluorescent substance to 250 ** — sample 3- (4) 

******** — the investigated result was shown in drawing 7. It turns out that the main glow peak 
temperature of the thermoluminescence of the fluorescent substance which added Nd as a 
coactivator from the figure is about 50 **. 

[0034]Next using a europium as an activator, using strontium as a metallic element (M) as a 
coactivator, The phosphorescent materials at the time of using either of the elements of a 
lantern, cerium, praseodymium, samarium, gadolinium, a terbium, holmium, erbium, a thulium, an 
ytterbium, lutetium, manganese, tin, and bismuth are explained as Example 4. 
[0035]Here about an activator and each coactivator. It takes into consideration that afterglow 



http://ww4.ipdl.inpit^ 2009/03/26 



rage / 01 zi 



brightness high when about 0.005 mol adds respectively to a metallic element (M) is obtained 
from the example at the time of using europium and neodium, or dysprosium, Eu concentration 
0.5 of an activator Mol % (0.005 mol) and concentration 0.5 of a coactivator It illustrated only 
about the sample of mol % (0.005 moi). 

By the method of effect previous statement of the coactivator of others in an example 
4.SrAI 2 0 4 :Eu system fluorescent substance. The result of having investigated the persistence 
characteristic about the fluorescent substance sample which added a lantern, cerium, 
praseodymium, samarium, gadolinium, a terbium, holmium, erbium, a thulium, an ytterbium, 
lutetium, manganese, tin, and bismuth as a coactivator was shown in Table 7. 
[0036]It compares with the persistence characteristic of the commercial ZnS:Cu fluorescent 
substance used as a standard so that clearly from this table 7, Since the persistence 
characteristic of any SrAI 2 0 4 :Eu system fluorescent substance sample will improve if it goes 

through the long time for 30 minutes after a stimulus stop thru/or 100 minutes or more, it turns 
out that it is in a practical use level enough. From it being oxide stock, the SrAI 2 0 4 :Eu system 
fluorescent substance is chemically stable compared with the conventional sulfide system 
phosphorescent materials, and excellent in lightfastness (Table 24 and 25 references). 
[0037] 

[Table 7] 
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[0038]Next, although a europium is used as an activator, using calcium as a metallic element (M), 
Calcium is used as the phosphorescent materials when not using a coactivator, and a metallic 
element, As a coactivator, using a europium as an activator A lantern, cerium. The case where at 
least one element of the group which consists of praseodymium, neodium, samarium, gadolinium, 
a terbium, dysprosium, holmium, erbium, a thulium, an ytterbium, lutetium, manganese, tin. and 
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bismuth is used is explained as Example 5. 

To what added the europium to composition and calcium carbonate of a characteristic special 
grade chemical of example 5.CaAI 2 0 4 :Eu system phosphorescent materials, and alumina as 
europium oxide (Eu 2 0 3 ) as an activator, and this, as a coactivator, A lantern, cerium, 

praseodymium, neodium, samarium, gadolinium. As opposed to what added either of the elements 
of a terbium, dysprosium, holmium, erbium, a thulium, an ytterbium, lutetium, manganese, tin, and 
bismuth with the oxide, respectively, It is boric acid as flux. After carrying out 5g (0.08 mol) 
addition and fully mixing using a ball mill, 1300 ** of this sample was calcinated for 1 hour using 
the electric furnace in the nitrogen-hydrogen mixed gas (97:3) air current (flow: 0.1 -I. per 
minute). It is what classified with the sieve the compound granular material obtained by cooling 
over about 1 hour to the room temperature after that, and passed 100 meshes Fluorescent 
substance sample 5-(1) It was considered as - (42). 

[0039]Sample 5-(2) obtained here The result of XRD analysis was shown in drawin g 8. This 
fluorescent substance became clear [ consisting of a CaAI 2 0 4 crystal of a monoclinic system ] 
from the figure, next, sample 5- which used neodium, samarium, dysprosium, and thorium for the 
coactivator as an example of representation — (10) and 5- (16) and 5- the result of having 
investigated the thermoluminescence characteristic (glow curve) was shown in drawing 9 and 
drawing 10 about (22) and 5-(28). Since all have a glow peak in a not less than 50 ** pyrosphere, 
having a persistence characteristic with these long fluorescent substances Is suggested. When 
the emission spectrum of the afterglow was furthermore measured about the sample, as drawing 
11 showed, the emission peak wavelength of any fluorescent substance was about 442*~nm blue 
light. 

[0040]Then, the result of having carried out comparison testing of each persistence 
characteristic relatively by making into a standard CaSrSrBj (trade-name BA-S: luminous 
wavelength by Nemoto& Co., Ltd. of 454 nm) of the phosphorescent materials of the blue light 
marketed from the former was shown in Table 8 thru/or 13. About a CaAI 2 0 4 :Eu fluorescent 
substance, from Table 8. When Eu is 0.005 mol (0.5-mol %), as it has some from which near 
luminosity is obtained almost on a par with a commercial reference standard in 100 minutes 
although the luminosity at the time of the early stages of an afterglow is low and also it is shown 
in Table 9 thru/or 13, Even if sensitization was carried out greatly and it used which coactivator 
by adding a coactivator, the fluorescent substance with high enough practicality was able to be 
obtained. It is in ** that the phosphorescent materials of super-high-intensity blue light with it 
are obtained, and it can be called an epoch-making fluorescent substance. [ about Nd, Sm, and 
especially Tm ] [ the very large addition effect and ] [ brighter single or more figures than a 
commercial item ] The result of having investigated the persistence characteristic covering the 
longtime of the high-intensity fluorescent substance obtained by coactivating this Nd, Sm, and 
Tm was shown in drawing 12 . 

[0041]It is 5-(1) as phosphorescent materials when not using a coactivator, although a europium 
is used as an activator in detail, using calcium as a metallic element (M). The persistence 
characteristic of the phosphorescent materials shown in - (6) was shown in Table 8. 
[0042] 
[Table 8] 
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* w /J loC 


u /7 **P lk. 




Std. CaSrS.Bi 


1.00 


1.00 


1.00 


S-(l) CaAiaQ^Eu 

(Eu: O.OOim) 


o. i a 


0.16 


0. 14 


(2) CaAl,CU:Eu 
(Eu: 0.0H*S) 


0.2 1 


0 . 18 


0.17 


(3) CaAl*Q-»:Eu 
(Eu: Q.l 


0.2 5 


0.2 7 


0.3 5 


(4) CaAl>0^:Eu 
(Eu: 0.5 *A%) 


0.4 1 


0.6 0 


0 . 9 0 


(5) CaAl*0*:Eu 
(Eu: 2.5 


0.37 


0 . 4 5 


0. 6 5 


(6) CftAla04:Eu 
(Eu:10 f**) 


0.2 5 


0.2 8 


0.3 9 

1 



[0043]It is 5-(7) as phosphorescent materials at the time of using neodium as a coactivator. 
using a europium as an activator, using calcium as a metallic element (M). The persistence 
characteristic of the phosphorescent materials shown in - (12) was shown in Table 9. 
[0044] 
[Table 9] 





io ftaas 


3o ft&nm 


! 100#«»£ 


Std- CaSrS:Bi 


1.00 


1 - 0 0 


1.00 


(7) CaAla04:Eu,Nd) 
(Eu:0.5*A* Nd:0.001fH*) 


0.5 3 


0. 78 


1.01 


(8) CaAL04:Eu,Nd) 
(Eu:0. 5m Nd:0.01t*« 


1.05 


1.53 


2.60 


-(9) CaAU04:Eu,Nd 
(Eu:0. 5tA% Nd:0.1 tfl*) 


8.6 8 


11.8 


2 0.3 


(10) CaA1.0*:Eu.tfd 
(Eu:0. 5tA* Nd:0.5 **S) 


9.8 7 


14.0 


2 5.0 


ill) CaAl a 0-.:Eu,tfd 
(Eu:0.5*J« Nd:2.5 


3. 18 


4.5 1 


8 . 0 5 


(12) CaAl,0«:Eu,Nd 


0.84 


1. 18 


2 . 0 2 



[0045]The persistence characteristic of the phosphorescent materials shown in 5-(13) - (18) 
was shown in Table 10 as phosphorescent materials at the time of using samarium as a 
coactivator, using a europium as an activator, using calcium as a metallic element (M). 
[0046] 
[Table 10] 
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10 »MI 


30 




Std. CaSrS:Bi 


1. 00 


1.00 


; 1. 00 


(13) CaAl,0.:Eu,Sfli 
(Eu:0. 5W SmrO.ODHJIrX) 


O. 7 1 


0. 98 


• 1.23 


(14) CaA1.0«:Eu,Sa 
(Eu:0.S*<* Sn: 0.01HX) 


0. 9 4 


1.43 


2.5 5 


(15) CaA1.0«:Eu,Sa 
(Eu:0.5tJM Sa: 0.1 *M) 


4-2 1 


8.3 2 


11.30 


• (16) CaAl a 0*:Eu,S« 
{Eu:0.5*JI* Sn: 0.5 til*) 


4.6 1 


7.0 0 


12. 5 


(17) CaAl«0<i:Eu,Sm 
(Eu:0.5fA« S«: 2.5 tJft) 


2.14 


3.2 5 


5.8 0 


(Id) CaAl a O«;Eu,Sni 
(Eu:0.5Wl So: 10 *MS) 


0. S 3 


0. 96 


1.71 



[0047]The persistence characteristic of the phosphorescent materials shown in 5-(19) - (24) 
was shown in Table 1 1 as phosphorescent materials at the time of using dysprosium as a 
coactivator, using a europium as an activator, using calcium as a metallic element (M). 
[0048] 
[Table 11] 





io annm 


30 ftftJM 




Std. CaSrS:8i 


1.00 


1.00 


1.00 


(19) CaAl«(h:Eu,Dy 
(Eu:0.5t*% Dy:0.001tM) 


0.3 0 


0.2 4 


0.2 0 


(20) CaAl,0*:£u,Dy 
(Eu:0.5tt* Dy: O-OUjt*) 


O. 4 1 


0.3 9 


0.3 5 


(21) CaAl,0^;Eu,Dy 
(Eu:0.5*A* Oy: 0.1 f*X) 


O. 5 2 


0.6 0 


0. 76 


(22) CaAl*0«:Eu,Dy 
(Eu:0.5W* Dy: 0.5 IA*) 


0.7 6 


0.9 0 


1.25 


(23) CaAl,0«:Eu,Dy 
(Eu:0.5f*X Dy: 2.5 tMS) 


0.8 4 


1.18 


1.76 


(24) CaAl«0-,:Eti,Dy 
(Eu:0, £fA% Dy:10 U%) 


0.5 0 


0. 58 


0. 76 • 



[0049]The persistence characteristic of the phosphorescent materials shown in 5-(25) - (30) 
was shown in Table 1 2 as phosphorescent materials at the time of using a thulium as a 
coactivator. using a europium as an activator, using calcium as a metallic element (M) 
[0050] 
[Table 12] 
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' K ' » 


10 fl«tt£ 


30 #fc»S 


lOOft&ItS 


Std. CaSrS:Bi 


1 . 0 


L. 0 


1 . 0 


(25) CaAl*(h:Eu,Ta 
(Eu:0. 5*A% Tib:0. 001t*JJ) 


1.04 


1.36 


1.81 


(26) CaA1.0«:Eu,Tn 
(Eu:0. 5«W T»:Q.01tJU) 


2.09 


2. 6 5 


3.7 5 


(27) CaAl«0*:Eu,Tm 
(Eu:Q.5**X Tm:0. H*«) 


4.8 9 


5.78 


8. 70 


(28) CaAUCK:Eu,Tn 


6.5 5 


9. 04 


18.6 


(29) CaAl»04:Eu,To 
(Eu:0.5t*S Ta:2. 5t*X> 


0. B 3 4 


i.' 19 


2. 88 


(30) CaAl*0«;£u,Ta 
(Eu;0. 5fW To;10tJW 


0.151 


0. 3 58 


0 . 7 5 5 



[005 1]A europium is used as an activator, using calcium as a metallic element (M), As 
phosphorescent materials at the time of using either of the elements of a lantern, cerium, 
praseodymium, gadolinium, a terbium, holmium. erbium, an ytterbium, lutetium. manganese, tin. 
and bismuth as a coactivator. The persistence characteristic of the phosphorescent materials 
shown in 5-(31) - (42) was collectively shown in Table 13. 

[0052]At the phosphorescent materials shown in this 5-(31) - (42), both the europium and other 
coactivators as an activator are 0.5. It adds mol % every. 
[0053] 
[Table 13] 
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io A&mst 


30 


lOOa&ttfi 


Std. CaSrS:Bi 


1.00 


1.00 


1.00 


(31) CaA1.0*:Eu,La 
(Eu:Q.5*JI* La: 0.5***) 


0. 5 2 


0.6 7 


0.8 1 


(32) CaAl*0<.:Eu,Ce 
(Eu:D.5*AX Ce:0.5**X) 


0.8 4 


1.23 


1.96 


(33) CaAl,0*:£u,Pr 
(Eu:0.S*Jtt Pr:0.5«MB ) 


0.5 8 


0.8 2 • 


1.13 


(34) CaAlaO^-Eu.Gd 
(Eu:0.5*A% GdrO.5***) 


Q. 6 6 


0.9 1 


1.26 


(35) CaAl»0«;Eu,Tb 
(Eu:0.5f*3 Tb:0.5tW) 


0.8 4 


1.31 


2. 08 


(36) CaAI*0*:Eu,Ho 
(Eu:0.5*AS Ho: 0.5***} 


0.9 8 


1-33 


2. 3 9 


(37) CaAlatUrEu.Fr 
*(Eu:0.5*JMS Er:0.5t*S) 


0.5 6 


0.7 6 


0. 98 


(38) CaAiaO*:Eu,Yb 
(Eu:0.5f*3 Yb:0.5-e/W) 


0-70 


0.9 1 


1.28 


(39) CaAl 3 G«:Eu,Lu 
(Eu:0. 5**35 Lu:0.5*Mt) 


0.6 8 


0.9 0 


1. 24 


(40) CaAi*0.:Eu,Ain 
|Eu:0.5**X Mn:0.5*fl*) 


0.31 


0.4 2 


0. 58 


(41) CaAlaO«:Eu,Sn 
(Eu:G.5*** Sn:0.5-fcX«) 


0.4 5 


0.5 8 


0. 73 


(42) C8A1.04:Eu,fii 
(Eu:0.SfJW Bi:0.5*A*) 


0.2 5 


• 0-- 3 3. 


0. 48 



[0054]Next although neodium is used as a coactivator, using a europium as an activator, using 
calcium as a metallic element (M), the case where other coactivators are added simultaneously 
is explained as Example 6. 

A europium is added to composition and calcium carbonate of a characteristic special grade 
chemical of example 6.CaAI 2 0 4 :Eu and Nd system phosphorescent materials, and alumina as 
europium oxide (Eu 2 0 3 ) as an activator, As the thing which added neodium to this as a 
coactivator, and a coactivator of further others, Lanterns other than neodium, cerium, 
praseodymium, samarium. Either of the elements of gadolinium, a terbium, dysprosium, holmium, 
erbium, a thulium, an ytterbium, lutetium, manganese, tin, and bismuth to what was added with 
the oxide, respectively. It is boric acid as flux. After carrying out 5g (0.08 mol) addition and fully 
mixing using a ball mill, 1300 ** of this sample was calcinated for 1 hour using the electric 
furnace in the nitrogen-hydrogen mixed gas (97:3) air current (flow: 0.1H. per minute). It is what 
classified with the sieve the compound granular material obtained by cooling over about 1 hour 
to the room temperature after that, and passed 100 meshes Fluorescent substance sample 6-(1) 
It was considered as - (43). 

[0055]Here t as Eu:0.5 mol %, Nd:0.5 mol %, and other coactivator:0.5 mol %, various fluorescent 
substance samples are adjusted and it is the luminosity after 10 minutes, the luminosity after 30 
minutes, and 100 first. After [ a part ] luminosity was measured. It is the result 6-(1) As - (15), it 
is shown in Table 14. 
[0056] 
[Table 14] 
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be 


10 5H£8J3 


30 fltSWJS 




Std. CaSrS:Bi 


1. 0 


1. 0 


1 . 0 


CaAl 2 04:Eu,Nd 


9. 87 


1 4. 0 


2 5.0 


6- (1) CaAl8(h:Eu,Nd,La 


20. 6 


2 3.2 


2 9. 5 


(2) CaAl804:Eu,Nd,Ce 


12. 7 


17.5 


2 6 Q 


(3) Ca/Ua04;Eu,Nd,Pr 


13. 3 


18-1 


2 7 7 


(4) CaAlatLrEu.tfd.Sm 


8.2 0 


12.6 


2 2. 6 


f5) CaAl.O^'Eu Nd Gd 


x o - / 


A X . O 


o o . O 


fB) CaAl»Q**Eu Nd Tb 


13 ft 


17 5 

XI. 4& 




f7l HaAI - Fn Nd IW 


1 4. ft 

X *r • O 


1ft Q 

X O • 9 


o u . O 


(A) naAI-fl^Pn tfd Wo 


1 ft R 
X O « *J 


9 1 K 


o *t - o 


\a| L£UUflU4 • CU, JiU, XiT 


1 ^ Q 

X 3 - 9 


91 n 

Z x . U 


q q a 
o o . a 


\1\JJ yjofiX 2U4 • bid 1*11? 119 




C ft Q 
O • Do 


1 ^ -d. 

X O . *t 


IIX; UB/U.2U4 ♦ CU| ITU} ID 


ii n 


IK Q 


o 7 q 


1X6 J LxlftXzLu • CU| nQj Lu 


in o 






(13) CaAlaO^'Eu ffd Mn 




A 0 1 


11 Q 


(14) CaAla04:Eu,Nd,Sn 


11.4 


14.1 


2 1.2 


(15) CaAl a O^;Eu f Nd l Bi 


1 0. 6 


1 3. 5 


2 1.4 



[0057]As that in which especially afterglow brightness is excellent from this measurement result 
in the coactivator added with neodium, it was checked that they are a lantern, dysprosium, 
gadolinium, holmium. erbium, etc. Then. Eu:0.5 [ next, ] Mol % and Nd:0.5 After considering it as 
mol %. it experimented by changing the concentration of a lantern to 10-mol% from 0.1 mol %. The 
result is shown in Table 15 as 6-(16) - (21). 
[0058] 
[Table 15] 
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'a H 


10 #&W£ 


30 




Std. CaSrS:fli 


1. 0 


1. 0 


1. 0 


lib J CaAlaO*:tu,nd 
Eu:Q.W« Nd: Q.ftJWS 


9. 8 7 


14.0 


25. 0 


U'J CaAliQ*: tu,nd, La 
EurO.ttJt* Nd:0.5t>« La:0.KJ« 


14-1 


18.2 


29- 3 


USJ CaAlaO*:cu,Nd, La 
Eu:Q.5«K Nd;0.5^% La:0.3€X* 


1 5. 5 


18.9 


28. 5 


(1J CaAla04:Eu,Nd,La 
Eu:0.5t*% Nd:0.5tWJ La:0.*U* 


2 0. 6 


23. 2 


29. 5 


(19; CaAl,0<:Eu,Nd, La 
£u:0.5^ Nd:0.5{AX La:l.(KA* 


1. 42 


1. 05 


0. 858 


uuj ca>UaU4 . cu»r(0» La 
Eu:0. Nd:0.5**% La:2.0iA* 




(21) CaAl«04:Eu,Kd,La 
Eu:0.5flW fyt:0.ft/« La: 10 t/l* 





[0059]Eu:0.5 It is the concentration of dysprosium after considering it as mol % and Nd:0.5 mol % 
0.1 It experimented by changing to 10-mol% from mol %. The result is shown in Table 16 as 6- 
(22) - (27). 
[0060] 
[Table 16] 



a *4 


io 5Msaa 


30 frmm 




Std* CaSrS:8i 


1. 0 


1. 0 


1. 0 


(22) CaAl*0*:Eu,Nd 
Eu:0. Wtt fM:0.5f/H 


9. 87 


1 4. 0 


25. O 


(23) CaAl*Oi;£u,rtd,Dy 
Eu:0.5t** Nd:0.5tMf Dy:0. HAS 


4. 32 


6. 76 


1 2. O 


(24) CaAl«04:Eu,Nd,0y 
Eu:0.S*J« Nd:0.5tA* Dy:Q. 3**% 


8. 9 1 


1 4. O 


24. 2 


(7) CaAl204:Eu,Nd,ny 
HurQ.SfjW Nd:0.5BW 0y:O.5tMf 


1 4. 8 


18. 9 


30. 8 


(25) CaAlsO^Eu.Nd,!* 
Eu:0.5t/K Nd:0.*UJ* Dy:L(KA* 


1 2. 1 


18. 3 


27. 8 


(28) CaAl 3 04:£u.Nd.ay 
Eu:9.5«* Nd:0.*BW Hy:2-0tA* 


7. 49 


1 0. 3 


16. O 


(27) C&U^&i^By 
Eu:0.5*A* Nd:0.5£W By: 10 ^ 


1. 84 


1. 29 


O. 998 



[0061]Eu:0.5 It is the concentration of gadolinium after considering it as mol % and Nd:0.5 mol % 
0.1 It experimented by changing to 10-mol% from mol %. The result is shown in Table 1 7 as 6- 
(28) -(32). 
[0062] 
[Table 17] 
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30 ft'tmst 




Std. CaSrS:8i 


1. 0 


1. 0 


1. 0 


CaAlz(J4:Eu,nd 
Eu:0.5«r% Nd:0.5€jl* 


9. 8 7 


14*0 


25. 0 


(28) CaAlrO«:bu,Nd,Gd 
Eu:0.5€/l* NdrO.SfitK Gd.O.ltA* 


11.8 


17, 4 


3 0. 0 


(29) CaAlt0 4 :Eu,Nd.Gd 
Eu:0.5W6 Nd.fl.5B* Gd:0.3fA* 


12.7 


17.8 


29. 8 


(5) CaAit0 4 :Eu,Nd,Gd 
Eu:Q.5tH* Nd:0.5t*% Gd:0.5fll* 


16.7 


2 1. 3 


33. 5 


(30) CaAl 8 0-,:Eu,Nd,Gd 
Eu:0."5€lW Nd:0.5*** Gd:1.0tMJ 


i 0. 8 


15.7 


26. 5 


(31) CaAl*0*:Eu,Nd.Gd 
Eu:0.5t/WG Nd:0.5*Jl* Gd:2.0tJt* 


18.0 


2 1. 7 


29. 5 


(32) GaAl,0*:Eu,tfd,Gd 
Eu:0.5tH&Nd:0.5EW. Gd 10 


1. 01 


0. 764 


0. 590 



[0063]Eu:0.5 Mol % and Nd:0.5 After considering it as mol %. it experimented by changing the 
concentration of holmium to 10-mol% from 0.1 -mol %. The result is shown in Table 18 as 6-(33) - 
(37). 
[0064] 

[Table 18] 



at » 


lO^ffiHL® 


30 &mm 


100»«B« 


Std. CaSrSrBi 


1. 0 


1. 0 


1. 0 


CaAlx0 4 :Eu,Nd 
Eu:0.5t»X Nd;0.HMS 


9. 87 


1 4. 0 


25. 0 


(33) CaAlza,:Eu,Nd,Ho 

Eu:0. $m fltf.O. 5{JW Ho:0. IWL 


10. 4 


1 4. 4 


25. 3 


(34) CaAlaO-.:Eu,Hrf f Hb 
EutO.HW Nd:D.W« Ho: 0.3*** 


1 2. 0 


1 6. 2 


2 7. 0 


(B) CaAl20*:Eu,Nd,Ho 
Eu:0.5*A* NdrO.StW Hb:0.5*A* 


16. 5 


2 1.6 


34. 3 


(35) CaAl.O^Eu.Nd.Ho 
Eu:0.5*A* Nd.Q.&tW BqzLWM 


1 3. 4 


16.9 


26. 3 


(36) CaAl^:Eu.Nd,Ho 
EurO.^AS Nd-'O.Stt* Hd:2.0*J« 


1 3. 3 


1 6. 0 


2 3. 5 


(37) CaAlaO*:Eu,Nd,Ho 
Eu:0.5*#*. Nd:0.S*A* Ho:10 m 


1. 20 


0. 9 1 4 


0. 782 



[0065]Eu:0.5 After considering it as mol % and Nd:0.5 mol %, it is from 0.1 -mol % about the 
concentration of erbium. It experimented by changing to 5-mol%. The result is shown in Table 19 
as 6-(38) - (43). 
[0066] 
[Table 19] 



http://ww4.ipdl.inpit.go.jp/cgi^)in/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fww... 2009/03/26 



rage 10 or _i 







30 ftwm. 


100ft«O£ 


Std- CaSrS:Bi 


1. 0 


1. 0 


1. 0 


CaAhQ^Eu.Nd 
Eu:0.5ta* Nd:0.5*A* 


9. 87 


14. 0 


25. 0 


(38) CaAlxO«:Eu,Nd t Er 
Eu;0.5iM* Nd.O.frW* Er:0.1*JW 


10. 7 


1 5. 1 


27. 0 


(39) CaAl a O*:Eu,lfd,Er 
Eu:0.$*J« Nd:0.5tA* Er:0.3t/W 


1 0. 3 


1 4. C 


24. 0 


(9) CaAl*04:Eu,Nd,Er 
Eu:0.5tf* NdrO.ttMS Er:Q.5tW 


15. 9 


2 1.0 


33. 8 


(40) CaAl«04:Eu,Nd f Br 
hi:Q.$m NdiO.&tAS Erri.OtA* 


16. 4 


2 11 


32. 3 


(41)' CaAlaO*:Ett,lfd,Er 
Eu:0.5t/W Nd:0. £r:2.Q*itt 


17. 3 


2*1. 7 


30. 8 


(42) CaAlaO-rEu, Nd.fr 
Eu:0.S*Mf.Nd:0.5iA« Er:3.<KiW 


20. 1 


2 1.3 


28. 5 


(43) CaAUO^Eu.Nd.Er 
EutO-SflW Nd:O.HA* £r:5.(HW 


1 7. 5 


1 7. 8 


22. 0 



[0067]From such a measurement result, mixing of two or more sorts of coactivators checked 
that there were some whose afterglow brightness improves. Other coactivators are 0.5 after 
considering it as Eu:0.5 mof % and Nd:0.5 mot % in that case. It was also checked that the case 
where mol % grade addition is carried out shows the most outstanding persistence characteristic. 
Next, the phosphorescent materials at the time of using neodium or samarium as a coactivator 
are explained as Example 7, using a europium as an activator, using barium as a metallic element 
(M). 

an example 7.BaAI 2 0 4 :Eu system fluorescent substance — here — Eu — - 0.5 — after doing mol 

% addition of — Nd or Sm — 0.5 mol of each % — what was added — 7- (1) (2) ****** — rt is 
shown. 

[0068]Although neodium was used for drawing 1 3 as a coactivator among these fluorescent 
substances, the emission spectrum of the afterglow after an excitation spectrum and 30 minutes 
after a stimulus stop pass was shown. Although samarium was used as a coactivator, the 
emission spectrum of the afterglow after an excitation spectrum and 30 minutes after a stimulus 
stop pass was shown in drawing 14 . 

[0069]Since each peak wavelength of an emission spectrum is green luminescence in about 500 
nm, in Table 20. As compared with the ZnS:Cu phosphorescent materials (Nemoto [& Co., Ltd. ] 
make: name-of-article GSS, emission-peak-wavelength:530nm) which emit light green with a 
commercial item in the persistence characteristic, the relative value showed the afterglow 
intensity of 10 minutes after a stimulus stop, 30 minutes, and 100 minutes after. 
[0070] 
[Table 20] 
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ioo#&ss 


Std. ZnS:Cu 


1- 0 


l- 0 


1. 0 


BaAl 2 04:Eu,Nd 
Eu:0.5tt* Nd:0.5«l>% 


1.2 3 


1 - 14 


0. 885 


! BaAla04:£u.Sa 

Eu:0.5tt* Sm:0.5*jl* 


0. 982 


0.911 


0. 768 



[0071]This table 20 shows that BaAI 2 0 4 :Eu and Nd excel ZnS:Cu phosphorescent materials in 

afterglow brightness about 30 minutes after a stimulus stop. The result to which afterglow 
brightness is inferior to ZnS:Cu phosphorescent materials in BaAI 2 0 4 :Eu and Sm a little was 

obtained. However, since it is checked that fluorescence and an afterglow are not accepted at all 
as a result of not adding Eu or other coactivators but experimenting only as a BaAI 2 0 4 crystal, it 
is clear that the activation effect by Eu and Nd, or Sm addition is acquired. 
[0072]From it being oxide stock, the BaAI 2 0 4 :Eu system fluorescent substance is chemically 

stable compared with the conventional sulfide system phosphorescent materials, and excellent in 
lightfastness (Table 24 and 25 references). Next, as a metallic element (M). the case where the 
mixture of calcium and strontium is used is explained as Example 8. 
Change a ratio, respectively, prepare composition and the strontium carbonate of a 
characteristic special grade chemical of example S.S^Ca^aluminunrigC^ system 

phosphorescent materials, and calcium carbonate, and alumina is added to the sample. 
Furthermore, as an activator a europium as a coactivator A lantern, cerium, To what added one 
element of praseodymium, neodium. samarium, gadolinium, a terbium, dysprosium, holmium, 
erbium, a thulium, an ytterbium, lutetium, manganese, tin, and bismuth, as flux — for example, 
boric acid 5g (0.08 mo!) addition was carried out, it came out by the method as stated above, and 
the Sr x Ca 1 _ x aluminum20 4 system fluorescent substance sample was compounded. 
[0073]The result of having investigated the emission spectrum of the afterglow of 
Sr Q 5 Ca Q 5 aluminum 2 0 4 :Eu and Dy fluorescent substance (Eu0.5 mol %, Dy0.5 mol % addition) as 
the representation characteristic of the obtained fluorescent substance was shown in drawing 
15. When some Sr was replaced by Ca from the figure, the emission spectrum was shifted to the 
short wavelength side, and that the afterglow of the neutral colors of luminescence by a SrALO, 

2 4 

system fluorescent substance and luminescence of a CaAI 2 0 4 system fluorescent substance 
can be obtained became whether to be **. 

[0074]next — as an activator and a coactivator — Eu and Dy — respectively — 0.5-mol % — 
the result of having investigated the persistence characteristic of the added Sr Ca^ 

x aluminum 2 0 4 system fluorescent substance sample was shown in drawing 16 . This drawing 16 
shows that the high phosphorescent materials of the practicality which has the persistence 
characteristic which excelled more than equivalent also about which fluorescent substance as 
compared with the commercial reference standard shown with the dashed line in a figure are 
obtained 

[0075]Next, as a metallic element (M). the case where the mixture of strontium and barium is 
used is explained as Example 9. 

Change a ratio, respectively, prepare composition and the strontium carbonate of a 
characteristic special grade chemical of example 9.Sr x Ba 1 _ x aluminum 2 0 4 system 

phosphorescent materials, and barium carbonate; and alumina is added to the sample, 
Furthermore, as an activator a europium as a coactivator A lantern, cerium, To what added one 
element of praseodymium, neodium. samarium, gadolinium, a terbium, dysprosium, holmium. 
erbium, a thulium, an ytterbium, lutetium, manganese, tin, and bismuth. It is boric acid as flux. 5g 
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(0.08 -mol) addition was carried out, and the S^Ba-j^aluminurrigO^i system fluorescent substance 
sample was compounded by the method as stated above. 

[0076]as the representation characteristic of the obtained fluorescent substance — Eu — 0.5- 
mol % and Dy — 0.5-mol % — the result of having investigated the persistence characteristic of 
the Sr x Ba 1 _ x a!uminum 2 0 4 system fluorescent substance sample added and adjusted was shown 

in drawi ng 1 7. This drawing 1 7 shows that the high phosphorescent materials of the practicality 
which has the persistence characteristic which excelled more than equivalent also about which 
fluorescent substance as compared with the commercial reference standard shown with the 
dashed line in a figure are obtained. 

[0077]Next, as a metallic element (M) f the case where the mixture of strontium and magnesium 
is used is explained as Example 10. 

Change a ratio, respectively, prepare composition and the strontium carbonate of a 
characteristic special grade chemical of example 10.Sr x Mg 1 _ x aluminum 2 O 4 system 

phosphorescent materials, and magnesium carbonate, and alumina is added to the sample. 
Furthermore, as an activator a europium as a coactivator A lantern, cerium, To what added one 
element of praseodymium, neodium, samarium, gadolinium, a terbium, dysprosium, holmium, 
erbium, a thulium, an ytterbium, lutetium, manganese, tin, and bismuth. It is boric acid as flux. 5g 
(0.08 mol) addition was carried out, and the S^Mg^^aluminunrigC^ system fluorescent substance 

sample was compounded by the method as stated above, as the representation characteristic of 
the obtained fluorescent substance — Eu — 0.5-mol % and Dy — 0.5-mol % — the result of 
having investigated the persistence characteristic of the Sr x Mg 1-x aluminum 2 0 4 system 

fluorescent substance sample added and adjusted was shown in drawing 18 . 
[0078]This drawing 18 shows that the high phosphorescent materials of the practicality which 
has the persistence characteristic which excelled more than equivalent also about which 
fluorescent substance as compared with the commercial reference standard shown with the 
dashed line in a figure are obtained except for the case where strontium/magnesium is 0.1/0.9. 
Next, as a metallic element (M), the case where two kinds of coactivators are used is explained 
as Example 1 1 , using a europium as an activator, using two or more metallic elements. 
Example 1 LCa^S^aluminumgO^Eu, Change a ratio, respectively, prepare composition and the 

strontium carbonate of a characteristic special grade chemical of Nd and X fluorescent 
substance, and calcium carbonate, and alumina is added to the sample, adding europium 0.5 mol 
% as an activator, and adding neodium 0.5 mol % as a coactivator furthermore, — furthermore — 
as other coactivators — either of the elements of a lantern, dysprosium, and holmium — 0.5-mol 
% — to what was added, as flux — for example, boric acid carrying out 5g (0.08 mol) addition, 
and coming out by the method as stated above — Ca t _ x Sr x aluminum 2 0 4 :Eu, Nd, and X system 

fluorescent substance sample 11- (1) - (9) was compounded and the persistence characteristic 
was investigated. 

[0079]First, change a ratio, respectively, prepare the strontium carbonate and calcium carbonate 
of a special grade chemical, and alumina is added to the sample, adding europium 0.5 mol % as an 
activator, and adding neodium 0.5 mol % as a coactivator furthermore, — furthermore — as other 
coactivators — a lantern — 0.5-mol % — what was added — 1 1- (1) - (3) It carries out and is 
shown in Table 21 . 
[0080] 
[Table 21] 
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a m 

a w 




30 ftmm 




Std. CaSrS:Ei 


1. 0 


1. 0 


1. 0 


CaAi a O-.:Eu.Wd 


9. 87 


I 4. 0 


25. 0 


li- (1) (Ca** Sro. »)Al,0*:Eu.Kd.La 


1 5. 2 


1 7. 1 


X 9. 0 


(2) (Cao.* Sro. »)Al*0*:Eu.Na,La 


5. 53 


4. 96 


3. 35 


(3) (Ca». > Sr«. «) A1.Q, : Eu f Nd, La 


6. 30 


3. 08 





[0081]Change a ratio, respectively, prepare the strontium carbonate and calcium carbonate of a 
special grade chemical, and alumina is added to the sample, adding europium 0.5 mol % as an 
activator, and adding neodium 0.5 mol % as a coactivator furthermore, — furthermore — as other 
coactivators — dysprosium — 0.5-mol % — what was added — 1 1- (4) - (6) It carries out and is 
shown in Table 22. 



[0082] 
□"able 22] 


a n 


io nmm. 


30 #&fflS 




Std. CaSrS:Bi 


1. o 


1. 0 


1. 0 


CaAls0*:Eu,Nd 


9. 87 


1 4. 0 


25. 0 


(4) (Cao. • Sro. i)A1.0*:Eu l !ld,ny 


1 3. 2 


14.6 


2 0. 4 


(5) (Ca«. r Sr 0 . .) Al : Eu, Nd, Qy 


8. 00 


7. 46 


9- 05 


(6) (Ca 0 . « Sro. s)Al a a.:Eu l Nd,Ery 


3. 3 6 


3. 08 





[0083]Change a ratio, respectively, prepare the strontium carbonate and calcium carbonate of a 
special grade chemical, and alumina is added to the sample, adding europium 0.5 mol % as an 
activator, and adding neodium 0.5 mol % as a coactivator furthermore, — furthermore — as other 
coactivators — holmium — 0.5-mol % — what was added — 1 1 - (7) - (9) It carries out and is 
shown in Table 23. 



[0084] 
[Table 23] 










Std. CaSrS:Bi 


1. 0 


1. 0 


1. 0 


CaAltCV*Eu,H(J 


9. 8 7 


14. 0 


25. 0 


(7) (Cao.1 Sr.. ,)Al»0*:Bi,Kd.Ho 


1 3. 9 


15. 3 


21. 4 


(a) (Can. r Sro. i)Al,CU:Ea.ffd.Ho 


8. 25 


7. 81 


9- 95 


(9) (Gu.. Sro..)Al,a.:Ea,Hd.Ho 


2. 9 1 


2. 62 


3. 65 



[0085]Even if it is a case where the europium was added as an activator and a metallic element 
(M) adds two or more coactivators from these measurement results using two or more metallic 
elements (M) which consist of calcium and strontium, It has checked excelling compared with 
CaSrSrBi including the luminosity after 10 minutes. 

The result of having investigated the resistance to humidity of the phosphorescent materials 
obtained by example 12. resistance-to-humidity examination this invention was shown in Table 
24. 

[0086]In this investigation, two or more fluorescent substance samples were neglected for 500 
hours in 40 ** and the constant temperature/humidity chamber whose humidity was controlled 
to RH 95%, and the luminance change before and behind that was measured. Neither of the 
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fluorescent substances of the presentations is almost influenced to humidity, but a table shows 
that it is stable. 
[0087] 
[Table 24] 



K « 


!£ 18 B'l 


IS & & 


SrAl a 04 : Eu, Dy 
(Eu:0.5-M* Dy:0.5tfl«) 


1 . 0 


1 . 0 1 


CaAlaO* : Eu,Nd 
(Eu:0.5fj« Nd:0-5€»*) 


1. 0 


0. 99 


Sr 0 . 9 Ca 0 . sAlaC :Eu, Dy 
(Eu:0.5t*X Dy:0.5tlt*) 


1. 0 


1.00 


Sro. sBao. sAlaO* :Eu, Dy 
(Eu:0.5-tt* Dy:0.&9W£) 


1. 0 


0. 99 


Sro. aMgo. sAIz0 4 : Eu, Dy 
(BiiQ.Sm Dy:0.&QI«) 


1. 0 


1. 02 



[0088]The result of having done the radiationproofing test of the phosphorescent materials 
obtained by example 13. lightfastness test-result this invention was shown in Table 25 as 
compared with the result of a zinc sulfide system fluorescent substance. This examination was 
put in in the transparent container which controlled the humidity of a sample to saturated 
humidity according to JIS, and measured Mitsuteru putting and a subsequent luminance change 
in a 30-cm position under the mercury-vapor lamp of 300W for 3 hours, 6 hours, and 12 hours. 
[0089]A table shows that it is very stable as compared with the conventional zinc sulfide system 
fluorescent substance. 
[0090] 
Table 25] 



as n 




3B#M» 




1 2mm 


Std . Z n S : C u 


1. 0 


0. 91 


0. 82 


0. 52 


SrAlaO- : Eu, By 
(Eu:0.S«« Dy:0.5t*9t) 


1. 0 


1.0 1 


1. 00 


1. 0 1 


CaAl»0« :Eu,Nd 
(Eu:0-5tJi* m.O.W/X) 


1. 0 


1. 00 


1. 01 


1. 00 


Sro. «Caa B Al*0.:Eu.Dy 
(Eu:0.&O* Oy:0.5««) 


1. 0 


1. 00 


0. 99 


1. 00 


Sro. sBa«. B AlaO«:Eu,Dy 
(Eu:0.5«* Dy:0.5fW) 


1. 0 


1. 01 


1.0 1 


1.0 1 


Sr 0 . sMgo. s Al a CU:Eu,Dy 
(Eu:0.5tM5 0y:0.5««) 


1- 0 


1. 00 


1. 00 


0. 99 



[0091] Although the phosphorescent materials by such this invention can also be used being able 
to apply to the surface of various products, they can also be used being able to mix in a plastic, 
rubber, or glass. If it uses for the use of the dial face of a ** replaced with sulfide system 
phosphorescent materials currently used from the former, for example, various meters, and night 
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train clock, a safety panel, etc., it will become the extremely outstanding thing from the 
prolonged high-intensity persistence characteristic. 

[0092]In addition to having the high-intensity long afterglow characteristic of having excelled 
extremely, this fluorescent substance is chemically stable from being oxide stock, and, in addition 
to the conventional use, can newly consider the following uses from the point of excelling in 
lightfastness. 

The display of a vehicle : An airplane, a ship, a car, a bicycle, a key, or the displayroad traffic 
sign of a keyhole sign, Annunciators, such as a lane display, a display in a guardrail, a buoy for 
fishings, and a mountain path. The annunciator from a gate to the door, the display of the display 
outdoors to a helmet : The display of a signboard, a building, etc., keyhole display indoor display 
[ of a car J: — switches stationery [ of electrical appliances ]: — pens and pencils, noctilucence 
ink, a map, and a table-of-constellations toyjigsaw puzzle — substitution of the isotope used for 
the special back light discharge tube for the ball (it uses for clock etc.) liquid crystals for 
usersports [0093] 

[Effect of the Invention]As explained above, this invention relates to a completely different new 
phosphorescent-materials material from the sulfide system fluorescent substance known from 
the former. 

Even if compared with a commercial sulfide system fluorescent substance, it has a high-intensity 
persistence characteristic, is chemically stable from being oxide stock, and excels in 
lightfastness far for a long time. 



[Translation done.] 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. s 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 

DESCRIPTION OF DRAWINGS — — - 

[Brief Description of the Drawings] ~ ,— ~ 
[Drawlng JJIt is the graph which showed the result of having analyzed the crystal structure of 
the SrAI 2 0 4 :Eu fluorescent substance by XRD. 

(Spwin^JIt is the graph which showed the emission spectrum after the excitation spectrum of 
a SrAI 2 0 4 :Eu fluorescent substance and 30 minutes after a stimulus stop pass. 
[Drawing is the graph which showed the result of having compared the persistence 
characteristic of the SrAI 2 0 4 :Eu fluorescent substance with the persistence characteristic of 
the Zn:S fluorescent substance. 

[Drav^fiLillt is the graph which showed the thermoluminescence characteristic of the 
SrAI 2 0 4 :Eu fluorescent substance. 

[Qrawing flit is the graph which showed the result of having compared the persistence 
characteristic of SrAI 2 0 4 :Eu and Dy fluorescent substance with the persistence characteristic of 
the Zn:S fluorescent substance. 

LDrawing_6]lt is the graph which showed the thermoluminescence characteristic of SrAI 2 0 4 :Eu 
and Dy fluorescent substance. 

[Drawing.7jh is the graph which showed the thermoluminescence characteristic of SrAI 2 0 4 :Eu 
and Nd fluorescent substance. 

gra^iQgJlIt is the graph which showed the result of having analyzed the crystal structure of 
the CaAI 2 0 4 :Eu system fluorescent substance by XRD. 

{Drawing 9] It is the graph which showed the thermoluminescence characteristic of the 
fluorescent substance using neodium or samarium as a coactivator among CaAI 2 0 4 :Eu system 
fluorescent substances. 

[Drawin gJOjIt is the graph which showed the thermoluminescence characteristic of the 
fluorescent substance using dysprosium or thorium as a coactivator among CaAI 2 0 4 :Eu system 
fluorescent substances. 

[Drawing Jilft is the graph which showed the emission spectrum after 5 minutes after a stimulus 
stop of a CaAI 2 0 4 :Eu system fluorescent substance pass. 

[DrawingJ 2]It is the graph which showed the result of having compared the persistence 
characteristic of CaAI 2 0 4 :Eu. Sm fluorescent substance and CaAI 2 0 4 :Eu. and Nd fluorescent 
substance with the persistence characteristic of the Zn:S fluorescent substance 
[Dj^gJ3llt is the graph which showed the emission spectrum after the excitation spectrum of 
BaAI 2 0 4 :Eu and Nd fluorescent substance and 30 minutes after a stimulus stop pass. 
rprawing j4 ]Itis the graph which showed the emission spectrum after the excitation spectrum of 
BaAI 2 0 4 :Eu and Sm fluorescent substance and 30 minutes after a stimulus stop pass. 
[Drawing 15l lt is the graph which showed the emission spectrum of Sr 0g Ca 05 aluminum 2 O 4 :Eu 
and Dy fluorescent substance. ' ' ' 4 
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[Dravfring 1 6 ]tt is a graph [ the persistence characteristic of the Zn:S fluorescent substance and 
the CaSrS:Bi fluorescent substance / persistence characteristic / of S^Ca^aluminurr^O^Eu 

and Dy fluorescent substance ]. 

[Drawing 1 7]I t is a graph [ the persistence characteristic of the Zn:S fluorescent substance / 
persistence characteristic / of Sr x Ba 1 _ x aluminum 2 0 4 :Eu and Dy fluorescent substance ]. 

[Drawing 18l lt is a graph [ the persistence characteristic of the Zn:S fluorescent substance / 
persistence characteristic / of Sr x Mg 1 _ x aluminum 2 0 4 :Eu and Dy fluorescent substance ]. 



[Translation done.] 
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